Li-substituted Mn-Zn ferrite: Structural and Magnetic Properties After Different Thermal Treatments  by Arana, M. et al.
 Procedia Materials Science  1 ( 2012 )  620 – 627 
2211-8128 © 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of SAM/CONAMET 2011, Rosario, Argentina. 
doi: 10.1016/j.mspro.2012.06.084 
11th International Congress on Metallurgy & Materials SAM/CONAMET 2011. 
Li-substituted Mn-Zn ferrite: structural and magnetic properties 
after different thermal treatments 
M. Arana a,b,*, P.G. Bercoffa,b, S. E. Jacoboc 
aGrupo Ciencia de Materiales, FaMAF, Universidad Nacional de Córdoba. M. Allende s/n, Ciudad Universitaria, Córdoba, Argentina.  
bInstituto de Física Enrique Gaviola - CONICET, Córdoba. M. Allende s/n, Ciudad Universitaria, Córdoba, Argentina. 
cLaboratorio de Físicoquímica de Materiales Cerámicos Electrónicos (LAFMACEL)-INTECIN (Conicet), Departamento de Química, 
Universidad de Buenos Aire., Av. Paseo Colón 850, Buenos Aires, Argentina. 
 
Abstract 
Spinel ferrites of composition Zn0.6Mn0.4Fe2O4 and Li0.2Zn0.2Mn0.4Fe2.5O4 were prepared by the self-combustion sol-gel 
method. The samples were heat-treated in different atmospheres and temperatures, producing different effects on their 
morphological and structural properties. The resulting products of each treatment were structurally and magnetically 
characterized. Incorporating Li to the crystalline lattice increases saturation magnetization and promotes a decrease in 
secondary phases segregation. This result is explained assuming that Li incorporation produces a cationic redistribution in 
the spinel structure. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 11th 
International Congress on Metallurgy & Materials SAM/CONAMET 2011. 
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1. Introduction 
Interesting studies related to Mn-Zn ferrite and their numerous applications in the electronic area particularly 
in nanotechnology  have been recently developed (Qiu J. et al., 2008; Hankare P. et al., 2009; Ott G. et al., 
2003; and Ghazanfar U. et al., 2005). In two previous works (De Fazio E. et al., 2011) we reported that the 
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inclusion of Li in Mn-Zn ferrites significantly improves the magnetic and microwave absorption properties of 
the system. Considering the close relationship between the physical properties and the preparation conditions of 
these materials, we intend to correlate some process variables with experimental data. In this particular work, 
we study the effect of atmosphere and temperature in different heat-treatments on the properties of Li-MnZn 
ferrite. Also, we analyze the effect of lithium inclusion on the structural and magnetic properties of Mn-Zn 
ferrite. 
 
 
Nomenclature 
Ms saturation magnetization 
 
2. Experimental 
Mn-Zn and Li-doped Mn-Zn ferrites of composition Zn0.6Mn0.4Fe2O4 and Li0.2Zn0.2Mn0.4Fe2.5O4, 
respectively, were synthesized by the self-combustion sol-gel chemical method (De Fazio E. et al., 2011). 
Different atmospheres and temperatures were chosen for studying the influence of the thermal treatments on the 
structural and magnetic properties of the resultant products. 
The temperatures of the thermal treatments were chosen between 800 ºC and 1000 ºC, which are lower than 
the usual values for this kind of treatments. The selected atmospheres were Ar with Zn filings (reducing 
atmosphere), air (oxidizing atmosphere), high purity Ar (inert atmosphere) and N2 flux (inert atmosphere). All 
the samples were calcined for 2 hours. 
The samples  structural characterization was performed with a  diffractometer, with Cu-K  
radiation, and the magnetic properties were determined with a Lake Shore 7300 vibrating sample magnetometer 
at room temperature and with a maximum applied field of 1200 kA/m (1.5 kOe). 
Two samples were selected for studying their morphology with a LEO 1450VP scanning electron 
microscope. 
The samples obtained from the different thermal treatments were labeled as indicated in Table 1. 
Table 1. Nomenclature of the studied samples. X=S in samples without Li (Zn0.6Mn0.4Fe2O4) and X=C for samples with Li substitution 
(Li0.2Zn0.2Mn0.4Fe2.5O4). 
Atmosphere (type) Temperature (ºC) 
800 900 1000 1100 
Reducing (Ar + Zn filing) - X-900AZ X-1000AZ - 
Oxidizing (air) - X-900Ai X-1000Ai - 
Inert (Ar) - X-900Ar A-1000Ar - 
Inert (N2) X-800N - - X-1100N 
 
No treatment 
 
X 
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3. Results and discussion 
3.1. Structural and magnetic characterization 
3.1.1. Self-combustion powder 
 
The resulting powder from the synthesis is composed of ferrite, segregated iron and zinc oxides and organic 
residues as a consequence of self-combustion process (Figure 1a). Samples S (Zn0.6Mn0.4Fe2O4) and C 
(Li0.2Zn0.2Mn0.4Fe2.5O4) behave as ferrimagnets with saturation magnetization Ms=48.2 Am2/kg and Ms=64.9 
Am2/kg, respectively (Figure 1b). 
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Fig. 1. Samples without heat-treatment. (a) X ray diffraction patterns; (b) hysteresis loops. 
3.1.2. Reducing atmosphere 
 
The samples treated in reducing atmosphere are paramagnetic and phases ZnO and Mn0.2Fe0.8O appeared 
instead of the ferrite. Since the Zn filings present in the furnace chamber are very reactive, they consume 
oxygen from the atmosphere as well as part of the oxygen within the ferrite structure, thus destroying the ferrite 
lattice and promoting the formation of the paramagnetic phases. 
In Figure 2, X ray diffraction patterns (Figure 2a) and hysteresis loops (Figure 2b) of the samples treated in 
reducing atmosphere at 900 ºC are shown. The paramagnetic phases are indexed in Figure 2a. A similar 
behavior is observed when the samples are treated at 1000 ºC (not shown). Sample C-900AZ (with Li 
substitution) does not contain ZnO. 
3.1.3. Oxidizing atmosphere 
 
When the heat-treatment of sample S (without Li) is performed in air, the resultant powder is mainly 
composed of Mn-Zn ferrite and hematite (Fe2O3). The presence of this phase conveys poor magnetic properties 
to this sample. However, this is not the case for Li-doped Mn-Zn ferrite (sample C) treated under the same 
conditions. Despite being composed of a large quantity of hematite, sample C-1000Ai has a saturation 
magnetization (Ms=50.1 Am2/kg) which is very close to the corresponding Ms for the powder without heat-
treatment (Ms=48.2 Am2/kg). From the analysis of the X ray diffraction patterns in Figures 3a and 3c, it is clear 
that the increase in temperature produces a decrease in the amount of secondary phases, which explains the 
increase observed in the Ms values.  
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Fig. 2. Samples treated at 900 ºC in reducing atmosphere. (a) X ray diffraction patterns; (b) hysteresis loops. 
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Fig. 3. Samples treated in oxidizing atmosphere. (a) X ray diffraction patterns of the samples treated at 900 ºC; (b) hysteresis loops of the 
samples treated at 900 ºC; (c) X ray diffraction patterns of the samples treated at 1000 ºC; (d) hysteresis loops of the samples treated at 
1000 ºC. 
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3.1.4. Inert atmosphere 
 
Thermal treatments in inert atmosphere of high purity Ar are successful in eliminating secondary phases. Li-
substituted samples are single-phase and samples without Li are composed of ferrite and small amounts of ZnO 
and FeO. In the sample without Li, the increase in temperature produces a decrease in the amount of secondary 
phases and therefore an increase in saturation magnetization because the segregated oxides are both 
paramagnetic. Sample C-1000Ar has Ms=101.5 Am2/kg, which is 40% higher than the obtained value for the 
sample without heat-treatment (64.9 Am2/kg) and it is about 40 Am2/kg higher than the corresponding value for 
the sample without Li treated in the same conditions (S-1000Ar). 
X ray diffraction patterns and hysteresis loops of the samples calcined in Ar atmosphere are shown in Figure 
4. 
(a) 
30 40 50 60
*
*
*
+
o
oo
+
+
+
+
+ +
+= Li
0,5x
Zn
0,6-x
Mn
0,4
Fe
2+0,5x
O
4
o= ZnO
*= FeO
C-900Ar
S-900Ar
T=900ºC in Ar
inert atmosphere
In
te
ns
ity
 [a
. u
.]
2  [degrees]
 (b) 
-1200 -800 -400 0 400 800 1200
-100
-80
-60
-40
-20
0
20
40
60
80
100
S-900Ar - M
s
 = 63,0 Am2/kg
M
 [A
m
2 /k
g]
T = 900ºC in Ar
inert atmosphere
H [kA/m]
C-900Ar - M
s
 = 76,3 Am2/kg
 
(c) 
30 40 50 60
*
*
*
o
oo
+= Li
0,5x
Zn
0,6-x
Mn
0,4
Fe
2+0,5x
O
4
o= ZnO
*= FeO
+
+
+
+
+
+
+
C-1000Ar
S-1000Ar
T=1000ºC in Ar
inert atmosphere
In
te
ns
ity
 [a
. u
.]
2  [degrees]
 (d) 
-1200 -800 -400 0 400 800 1200
-100
-80
-60
-40
-20
0
20
40
60
80
100
C-1000Ar - M
s
 = 101,5 Am2/kg
M
 [A
m
2 /k
g]
H [kA/m]
T = 1000ºC in Ar
inert atmosphere
S-1000Ar - M
s
 = 66,2 Am2/kg
 
Fig. 4. Samples treated in Ar atmosphere. (a) X ray diffraction patterns of samples treated at 900 ºC; (b) hysteresis loops of samples treated 
at 900 ºC; (c) X ray diffraction patterns of samples treated at 1000 ºC; (d) hysteresis loops of samples treated at 1000 ºC. 
Considering that an increase in the temperature of the treatment results in a decrease of secondary phases 
segregation, and that an inert atmosphere favours the formation of single-phase samples, we decided to study 
the effect of a thermal treatment in N2 atmosphere (inert atmosphere) at 800 ºC and 1100 ºC, lower and higher 
temperatures with respect to the previous experiments, described above. 
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Heat-treatment at 800 ºC of the sample without lithium produces a powder composed of ferrite with poor 
crystallinity and a great amount of hematite, which results paramagnetic. This behavior is very different in the 
Li-substituted sample, since the resultant powder is ferrimagnetic. When the treatment temperature is 1100ºC 
both resulting samples (S-1100N and C-1100N) are single-phase and reach a significant value of Ms, which 
increases with Li substitution (see Figure 5d). The effect of incorporating Li to the spinel structure is observed 
in the hysteresis loops of samples X-800N, X-900Ai, X-1000Ai (Figures 5b, 3b and 3d, respectively), where a 
relevant increase in the values of Ms for the samples with Li respect to the samples without Li is revealed. 
X ray diffraction patterns and hysteresis loops for samples treated in high-purity N2 atmosphere are shown in 
Figure 5. 
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Fig. 5. Samples treated in N2 atmosphere. (a) X ray diffraction patterns of samples treated at 800ºC; (b) hysteresis loops of samples treated 
at 800 ºC; (c) X ray diffraction patterns of samples treated at 1100ºC; (d) hysteresis loops of samples treated at 1100 ºC. 
All the samples with ferrimagnetic behaviour have coercive fields around 1 kA/m (~12 Oe), a low value 
expected for this kind of materials (see, for instance, Ott G. et al., 2003). 
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3.2. Morphological analysis  
Samples labeled S-1000Ar and C-1000Ar were chosen due to their good magnetic and structural properties 
as compared to the others- for studying their morphological properties by scanning electron microscopy. The 
micrographs were taken from the loose powders.  
The mean particle size of Mn-Zn ferrite increases with Li content. The particles of the sample without Li 
inclusion are cubic and faceted, while the sample with lithium presents a very different morphology, as it is 
clear from Figure 6. 
It is possible that Li inclusion could modify the sintering kinetics, favouring the compacting of the particles 
and increasing internal microstress. 
 
(a) (b)  
Fig. 6. Scanning electron micrographs. (a) Sample S-1000Ar. (b) Sample C-1000Ar. 
This study reveals that besides modifying the magnetic and structural properties, Li inclusion in the spinel 
structure can also alter the morphology and the grain size of Mn-Zn ferrite particles. 
 
4. Conclusions 
Both the crystalline structure and the magnetic behavior of the powders obtained after the different heat-
treatments are strongly atmosphere-dependent. Heat-treatments in reducing atmosphere destroy the ferritic 
phase, making the system paramagnetic; an oxidizing atmosphere promotes the appearance of several 
secondary phases in addition to the ferrite; and when the treatment atmosphere is inert, secondary phases 
disappear and the ferrite crystallizes with optimum magnetic properties. 
The amount of secondary phases decreases with Li incorporation and increases with the treatment 
temperature in every studied case. 
Lithium substitution plays an important role in modifying Mn-Zn ferrite structural and magnetic properties. 
By incorporating non-magnetic ions in the spinel structure, significant increases in the total magnetic moment 
can be achieved, regardless of the atmosphere in the heat-treatment of the powders. The best results, however, 
are obtained for samples treated in inert atmospheres (C-900Ar, C-1000Ar, S-and C-1100N). Nevertheless, for 
obtaining the maximum saturation magnetization it is convenient to perform the treatment in argon atmosphere, 
because in this way a higher value of Ms (101.5 Am2/kg) was achieved at a temperature 100 °C lower than in 
nitrogen atmosphere. 
Lithium inclusion also modifies the morphological properties of the samples treated in argon, increasing the 
mean particle size and microstress. 
 200nm 
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